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INTRODUCTION
Never before have we had such a convergence of various astronomical measurements to provide us with a "standard model" of the Universe. The last decade has brought about stunning measurements of the fluctuations in cosmic microwave background, expansion of the Universe as seen through supernovae, large and small scale structure through lensing. The "standard model" places us in the most awkward situation of being certain about the nature of less than 5% of the content of the Universe.
A variety of cosmological observations [1, 2] indicate that 80% of the matter in the Universe is nonbaryonic and dark, presumably in the form of elementary particles produced in the early Universe. Because no such particles have yet been identified in particle accelerators, these observations require new fundamental particle physics. Weakly Interacting Massive Particles (WIMPs) are a particularly interesting generic class of candidates for this dark matter [3, 4] because independent arguments from cosmology and particle physics converge on the same conclusion. A WIMP is generically defined as a massive particle created in the early universe that couples via a weak-scale interaction, allowing it to decouple and stop annihilating when non-relativistic. A weak-scale annihilation cross section naturally results in the relic density required of nonbaryonic dark matter. Simultaneously, new particle physics at the W and Z scale is required to solve the "hierarchy problem" by canceling radiative corrections that would push the Higgs mass higher than precision electroweak data indicate. The most popular solution, supersymmetry, naturally yields a WIMP in the form of the lightest superpartner (LSP). Thus, searches for astrophysical dark matter particles seek to solve fundamental problems in both cosmology and particle physics and complement accelerator searches for physics beyond the Standard Model.
DIRECT DETECTION
The goal of direct detection experiments is to detect the signature of WIMPs recoiling on their terrestrial detectors. The expected rate of interaction of the WIMP on a terrestrial detector is less than 1 per 10 kg-days [5] . The expected background rate from radioactivity in surrounding material is expected to be more than a million times larger. Hence, background rejection is critical and the goal is to employ shielded detectors with strong background rejection capabilities. Shielding must block the radioactive background as well as cosmic-induced backgrounds, which can produce neutrons which are difficult to distinguish from WIMPs.
To reject electromagnetic backgrounds, detectors are designed to take advantage of the different natures of the recoil of electromagnetic background and the neutral WIMPs by intercomparing two signal types. SuperCDMS observes phonons sensors and ionization electrodes. The nature of the recoil is usually significantly different in the ionization signal, since nuclear recoil from the signal WIMP or neutron deposits the recoil energy in a very small distance due to their collision with the nucleus, leading to very dense ionization density and low ionization efficiency. Electron recoils from radioactive background leads to sparse ionization density, in which the collision is with orbital electron with efficient ionization. Measuring the ionization energy or its equivalent can allow electromagnetic interactions to be differentiated from nuclear recoils.
In addition, the WIMP recoil not only depends on how much total mass of the detector, but may also depend on the exact nature of the nuclear composition of the detector target. Because they are expected to be galactically bound, WIMPs are slow moving and are expected to undergo coherent elastic scattering on the entire nucleus, which tremendously enhances the interaction rate, providing a boost to the rate that is proportional to the fourth power of the atomic number [5] .
SUPERCDMS
SuperCDMS employs detectors composed of high purity Ge crystals with a diameter of 76mm and a thickness of 25mm and is currently taking WIMP-search data in the Soudan Underground Laboratory using 15 Ge detectors for a total target mass of about 10kg. Four phonon and two ionization sensors are photolithographically fabricated in each of the two detector faces. When a particle interaction takes place in the detector, electron-hole pairs and phonons are created. The phonons propagate through the crystal and are collected in the phonon sensors. Electrons and holes created by an event are drifted through the crystal following an applied field of about 1.5V/cm and collected on the detector faces. The interleaving of the ionization and phonon sensors is reflected in the detectors' name, Interleaved Z-dependent Ionization and Phonon detectors (iZIPs). To define a clear fiducial volume, a phonon sensor and an ionization sensor span the outer detector region while the remaining sensors span the inner detector region.
The ratio of the observed ionization signal to phonon signal is termed yield and is the primary handle for discriminating between bulk electromagnetic recoils and nuclear recoils. The low ionization efficiency of nuclear recoils results in a yield that is about three times lower than the typical yield of a bulk electromagnetic event with unity yield. The separation between bulk electromagnetic events and nuclear recoils has been shown to be at least at the level of 5σ for recoil energies above 10 keV nr .
The iZIP detector is designed to provide potent rejection for electromagnetic interactions occurring on detector surfaces. These surface events were the dominant background faced by CDMS due to their reduced ionization. Figure 1 shows an iZIP detector (left) and a schematic view of the interdigitated electrode structure used to reject surface events. Events occurring on a detector face undergo carrier transport along the face resulting in highly asymmetric ionization signals observed by the electrodes on the two detector faces.
While the efficacy of iZIP surface event rejection was demonstrated at the UC Berkeley test facility, iZIP performance is demonstrated in situ at Soudan. In order to obtain the number of surface events required to demonstrated the impressive iZIP surface event rejection, two detectors were installed with a 210 Pb source. The 210 Pb decay chain is the primary source of SuperCDMS surface events. The rate of surface events produced by each source is approx70 events/hr. Figure 2 shows that in addition to having low yield, iZIP surface events have ionization signals that are asymmetric between electrodes on the detector faces.
During about 900 hours of live time, about 8x10 4 surface events were obtained and shown in Figure 2 . No events were observed within the fiducial volume. The 90% confidence upper limit on the surface event background rate is 2.9x10 −5 . Additionally the fraction of the crystal encompassed by the fiducial volume is 63% or nearly twice that of the CDMSII detectors. An iZIP then has about 4-5 greater sensitive volume than a CDMSII detector after accounting for the iZIP's greater mass.
The partition of energy between the phonon sensors on the detector faces also provides a potent handle for rejection surface events. Phonon sensor partition was not used to obtain the in situ surface event rejection numbers. Data from the UC Berkeley test facility shows how phonon partition can be used to reject surface events down to recoil energies as low as 2keV nr as shown by Figure 3 .
R&D for the planned move of SuperCDMS to SNOLAB is underway with a goal of beginning data taking in late 2016. The move creates the opportunity for numerous substantial improvements. This proceeding focuses on detector fabrication. In order to deliver order-of-magnitude increases in sensitivity, it is critical to deliver substantially increased target mass while achieving reduced background. The iZIP technology provides the reduced background; larger detectors and improved detector fabrication are key to delivering substantially increased target Ge mass. Cost scales with number of detectors, while WIMP sensitivity scales with scales with target mass in a low background environment. SuperCDMS Soudan proposes to employ 150 larger, 100mm diameter by 33mm thick Ge crystals for a total mass of 200kg. Improvements in detector fabrication, including the commissioning of Texas A&M as a dedicated, highly-automated fabrication facility designed for the high-throughput requirements of a ton-scale Ge experiment, in addition to the primary fabrication facility, the Stanford Nanofabrication Facility, have led to the proposed target mass and provides numerous opportunities to cross-check detector performance. Both facilities have demonstrated the required throughput. Improvements in fabrication reliability show the potential to increase detector yield and reduce the number of hours required to test each detector.
Detectors will be employed in vertical stacks of 6. Improvements in noise performance, including using highelectron-mobility transistors (HEMPTs) are expected to allow the low mass analyses to be sensitive to recoils depositing energy as low as 1keV. Figure 4 shows the resulting projected limits from SuperCDMS at Soudan and SuperCDMS SNOLAB.
CONCLUSION
CDMS has long been a leader in WIMP direct detection. The modular nature of the CDMS detectors combined with the iZIP testing at both the UC Berkeley test facility as well as at Soudan combine to provide the background control required for robust sensitivity projections. The proposed SuperCDMS SNOLAB experiment will have a reach comparable with other G2 experiments. Additionally, any potential WIMP signal will require a second experiment to confirm it. Likewise, multiple target nuclei will be required to begin to unravel the implications of a WIMP discovery. CMDS's history of delivered low-background results gives it unique ability to test and understand a potential signal. 
ACKNOWLEDGMENTS

